Introduction
Influenza is a widespread viral infection that can also cause severe or fatal disease in the elderly, the very young, pregnant, and those with underlying illness. 1, 2 Globally, the World Health Organization (WHO) estimates the burden of influenza at approximately 3-5 million cases of severe illness and >300 000 deaths annually. 3 In temperate regions, seasonal influenza epidemics occur during the winters, often resulting in increased hospitalizations, deaths, and significant economic losses owing to workplace absenteeism and cost of medical care. 4 Because of annual outbreaks and occasional pandemics, control of influenza has become a major public health challenge. 4 Of even greater concern is the ability of influenza A viruses to cause pandemics, as has been observed with recent H1N1 ⁄ 2009 pandemic. [5] [6] [7] Influenza surveillance in the community is an important tool for monitoring circulating strains, detection of emerging ⁄ reemerging viruses, and epidemiological trends and to define seasonality in different geographical areas. It is also relevant for the evaluation of antigenic and genetic characteristics of circulating strains in comparison with recommended vaccine strains.
The influenza virus surveillance system has been well established in many countries and has greatly contributed to the control of influenza virus infections. In temperate regions, outbreaks consistently occur during the late autumn and winter months; in November-March in the Northern Hemisphere; and in May-September in the Southern Hemisphere. 4 This consistent pattern helps in carrying out vaccination programs at the same time year after year, making it an efficient control measure. In some tropical and subtropical countries, influenza activity is noted year round with peaks in the rainy season. 8 However, in places like Hong Kong, besides the peak during the rainy season, additional activity was observed in the summer months. 9 Limited surveillance had been conducted in India. Several outbreaks in Pune, Himachal Pradesh, 10 Delhi, 11 and Kolkata 12 have been investigated. Seasonality data have shown that major peaks of influenza activity were during rainy season in Pune and winters in Delhi. 11 Not much is known about the prevalence and burden of influenza in India because of inadequate and limited data. A systematic laboratory-based surveillance network of influenza viruses was established by the Indian Council of Medical Research, India, in 2004 . This network included seven clinical virology laboratories geographically distributed in Northern, Western, Eastern, Southern, and Central India. In this report, we summarize surveillance data from these seven sites over a period of 4 years.
Materials and methods

Study sites
The participating centers were National Institute of Virology(NIV), Pune (Western India, 18°31¢25¢¢N, 73°50¢52¢¢E), All India Institute of Medical Sciences(AIIMS), New Delhi (North India, 28°36¢36¢¢N, 77°13¢48¢¢E, King Institute of Preventive Medicine(KIPM), Chennai (South India, 13°5¢2¢¢N, 80°16¢12¢¢E), National Institute for Cholera and Enteric Diseases (NICED) (Eastern India, 22°34¢11¢¢N, 88°22¢11¢¢E), and Regional Medical Research Center(RMRC), Dibrugarh (27°29¢N, 94°54¢E) . Surveillance was carried out among patients attending outpatient departments (OPD) with influenza-like Illness (ILI).
In 2006, 2 more sites were added to the network: Indira Gandhi Medical College (IGMC), Nagpur (Central India) (21AE07°N, 79AE27°E), for ILI surveillance and Christian Medical College and Hospitals (CMCH), Vellore (South, 12AE868719°N, 79AE119000°E), for both ILI and severe acute respiratory illness (SARI) surveillance in hospitalized patients. NIV, Pune, was the referral center for the entire study.
Study population
Patients with ILI presenting in outpatient departments of dispensaries ⁄ hospitals were included in the study. In the centers specified for the surveillance of SARI, hospitalized patients were studied. Each center was required to randomly collect 5-10 specimens per week throughout the study period.
Case definition of ILI
A person presenting with sudden onset of fever >38°C or history of sudden onset of fever in the recent past (<3 days), cough or sore throat, and ⁄ or rhinorrhea. 13 Severe acute respiratory infections was defined as an ILI case with breathlessness or difficulty in breathing ⁄ tachypnea or clinically suspected pneumonia (in children) with increased respiratory rates as per Integrated Management of Childhood Illness (IMCI).
14 A confirmed influenza case was an ILI ⁄ SARI patient from whose clinical specimen influenza virus could be isolated.
Patients were identified, and their demographic and clinical details were recorded on a preset proforma, which was uniform for all the study sites. Throat and ⁄ or nasal swabs were collected in virus transport medium, supplemented with Hanks' balanced salt solution consisting of antibiotics and bovine serum albumin, transported to the laboratory on ice within 4 h and maintained at +4°till processed for virus isolation within 24 h.
Virus isolation and identification
Madin-Darby canine kidney (MDCK) cells were maintained in minimum essential medium (supplemented with 10% fetal bovine serum, penicillin [100 U ⁄ ml], streptomycin [100 lg ⁄ ml], and amphotericin B [0AE25 lg ⁄ ml]) and incubated at 37°C with 5% CO 2 . Three microliters of respiratory samples was inoculated into MDCK cells in T25 culture flask in the presence of viral growth medium (minimal essential medium with 2 lg ⁄ ml TPCK-treated trypsin) and incubated for 1 h to allow adsorption followed by the addition of viral growth medium. Cells were observed for 7 days and harvested at the end of 7 days or earlier if cytopathic effect was evident. Supernatants from all flasks were subjected to hemagglutination (HA) test using standard method. Subtype identification of HA-positive isolates was performed by hemagglutination inhibition (HI) test. 15 Virus isolates were re-grown in MDCK cells and reconfirmed at the referral center. Representative isolates were subsequently shipped to the WHO Collaborating Center at Center for Disease Control and Prevention, Atlanta, USA, for further antigenic and genetic characterization.
Meteorological data were collected from the governmental meteorological departments by all centers. Weekly data were collected for relative humidity, average rainfall, and temperature for all the sites for entire study period including rainy and other seasons. Univariate regression analysis was carried out with average number of confirmed cases per month as a dependent variable and average rainfall, average temperature, and average relative humidity as independent variables. The analysis was carried out using monthly mean value of each variable. Multivariate regression analysis using stepwise method was also carried out with only independent variables showing statistically significant correlation with average number of cases per month. Similarly, correlation analysis between monthly pooled percentage of isolates and averaged meteorological variables was carried out.
Genetic analysis
HA1 gene sequencing and phylogenetic analysis Representatives of H1N1 (n = 145), H3N2 (n = 133), and type B (n = 169) isolates from all sites to represent all the geographical regions of India temporally were sequenced for HA1 gene and compared with corresponding Northern Hemisphere vaccine components phylogenetically.
RNA extraction and RT-PCR and nucleotide sequencing Viral RNA was extracted using commercially available QIAamp Viral RNA Mini Kit (Qiagen GmbH, Hilden, Germany) as per manufacturer's instructions. For the extraction of viral RNA, 140 ul of MDCK cultured fluid was used. To amplify HA1 gene, 5 ll of RNA was added to 50 ul of master mix containing 25 ll of 2 · enzyme buffer, 2 ll Invitrogen Superscript III enzyme, 1 ll of each reverse and forward primers (previously published), 1 ll RNasin (Promega, Madison, WI, USA), and 15 ul molecular-grade water. The reaction conditions were reverse transcription at 55°C for 40 min, initial denaturation at 94°C for 3 min followed by 35 cycles of 94°C for 30 s, 50°C for 1 min, and 68°C for 1 min, with a final extension at 68°C for 5 min. Nucleotide (nt) sequencing was carried out in an ABI Prism 3730 DNA Analyzer (PE Applied Biosystems, Foster City, CA, USA) using published gene-specific forward and reverse primers. Sequences were curetted using sequencing analysis version 5.3. Sequence analysis, including pairwise sequence alignment and protein translation, was performed with the MEGA (version 4, Arizona State University, AZ, USA) program.
Nucleotide sequencing
The resulting amplicons for HA1 segments were analyzed by 1% agarose gel electrophoresis. The expected size products that appeared as single bands were purified directly using PCR Purification kits (Qiagen). DNA sequencing was carried out using Big Dye terminator V 3.1 cycle sequencing ready reaction kit (ABI, Foster City, CA, USA) together with corresponding internal primers, which were designed de novo to ensure specificity for each sequence. Subsequently, any unincorporated labeled dNTPs were removed using Dye-x removal column purification kit (Qiagen). The sequencing was carried out on ABI 3730 DNA analyzer.
Phylogenetic analysis
MEGA version 4 was used for constructing neighbor-joining (NJ) trees using the Kimura's two-parameter distance model, with 1000 bootstrap replicates.
Results
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From September 2004 to December 31, 2008, 13928 specimens were collected from ILI and ⁄ or SARI cases from seven surveillance sites. Influenza viruses were isolated from 617 (4AE43%) of the samples (Table 1) . The average isolation rates ranged from 1AE06% to 5AE99% in different sites over the entire study period. Of these, 356 (57AE7%) were influenza A, and 261 (42AE3%) were influenza B viruses. Of 356 influenza A viruses, 172 (48%) were of seasonal A(H1N1) and 184 of A(H3N2) subtypes (Table 1) .
Isolation rates in ILI cases were significantly higher than rates in SARI cases at the Delhi (5AE2% and 1AE6%, respectively, P < 0AE002) and Vellore (9AE5% and 2AE5%, respectively, P < 0AE001) sites. Clinico-epidemiological characteristics
The median age of ILI ⁄ SARI patients enrolled in the study was 14AE66 years (range: 1 month-94 years). The highest number of ILI ⁄ SARI samples was in the age group of <5 year old (n = 6462), of which 4AE3% (276) were influenza positive. There was no statistically significant difference in the influenza virus isolation rates among different age groups (<5, >5-15, >15-45 or >45 years old) ( Figure 1 ).However, frequency of type B influenza was significantly higher among children (£15 years) than among adults [2AE1% among children and 1AE4% among adults P = 0AE0046, OR 1AE5 (95% CL and CI 1AE13-2AE02)]. Such a difference was not observed for influenza A. Overall, the male-to-female ratio of influenza positives individuals was 1AE5-1; there was no significant difference in different age groups.
Clinical features were analyzed for 13737 cases, which included 11669 of ILI and 2068 of SARI patients. Among 11 669 ILI cases, 550 (4AE7%) were influenza positive, and of 2068 SARI cases, 66 (3AE2%) had influenza.
In ILI cases, fever, cough, nasal discharge, headache, body ache, sore throat, chills ⁄ rigors, expectoration, and fatigue were noted in 96AE3, 91AE8, 78AE4, 32AE8, 29AE8, 18AE7, 13AE6, 12, and 11AE4 percent cases, respectively. Frequency of cough, fever, nasal discharge, headache, body ache, sore throat, fatigue, expectoration, and chills ⁄ rigors was noted in 96AE5, 94AE9, 76AE4, 38AE7, 36, 34AE9, 26AE7, 24AE9 and 24 percent cases, respectively, in SARI cases.
Further, univariate analysis for ILI cases with and without influenza positivity showed that body ache, fatigue, chill ⁄ rigors, cough, sore throat, ILI in family, expectoration, and headache had a positive correlation with influenza positivity. Multivariate analysis showed that chill ⁄ rigors, cough, fatigue, and ILI in family had a significant correlation with influenza positivity among ILI cases (Table 2 ). Univariate analysis for SARI cases showed that only body ache to have a positive correlation with isolation; therefore, a multivariate analysis was not carried out.
Seasonality
Month-wise distribution in four major sites, i.e., north (Delhi) , west (Pune), east (Kolkata) , and south (Chennai), of India revealed differences in the influenza seasonality and the presence of influenza types and subtypes over time (Figure 2a-d) .
In Delhi (North India), two peaks were consistently observed, one from July to Sept (rainy season) and another from January to March (Figure 2a Influenza activity was consistent with the rainy season at all sites. New Delhi had an additional peak of influenza 
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Published 2011. This article is a US Government work and in the public domain in the USA activity in the winter season. It is located in the north of India, which has a marked winter season as compared to other parts of the country. In New Delhi, isolation percentage had positive correlation with relative humidity (r 2 = 0AE42, P = 0AE025). A positive correlation with rainfall was observed (r 2 = 0AE31, P = 0AE064). In Pune, isolation had positive correlation with rainfall (r 2 = 0AE33, P = 0AE056). In Kolkata, percentage of isolation had positive correlation with rainfall (r 2 = 0AE32, P = 0AE057) also with temperature (r 2 = 0AE33, P = 0AE056). In Chennai, percentage of isolation had positive correlation with rainfall (r 2 = 0AE67, P = 0AE001) as well as with relative humidity (r 2 = 0AE56, P = 0AE006). In multivariate analysis, only relative humidity had significant positive correlation (adjusted r 2 = 0AE80, P = 0AE043) ( Figure S1a-d ).
Antigenic and genetic comparison with vaccine strains
We compared the circulating strains from all sites in India with recommended Northern Hemisphere vaccine component during corresponding periods. On genetic comparison of H1N1 isolates with recommended vaccine strains for the study period, two distinct Phylogenetic analysis of influenza type B isolates (Figure 3c) showed that during all 4 years, both the lineages were circulating in India. Majority strains however clustered with corresponding vaccine component. 
Discussion
Although limited influenza activity was seen the year round, a positive correlation with the rainy season was noted at sites like Pune, Kolkata, and Chennai with a secondary peak in cooler winter months. However, in Delhi, a peak of influenza activity in winter with enhanced influenza activity during the rains was observed throughout the study period. Delhi, being located in the north of the country and significantly cooler in the winter months, shows an influenza activity similar to temperate regions. Our findings of seasonal peaks in influenza virus activity in India are consistent with data reported from other Southeast Asian countries. [16] [17] [18] The peak influenza activities coincide with rainy seasons in Thailand, 19 Singapore, 20 Indonesia, 21 Myanmar, 22 and China. 23, 24 Regional differences in peak circulation of influenza viruses in India might be due to differences in climate as Northern India has distinct seasons and lower temperatures in winters, while the south has a more tropical climate with rainy and dry seasons. These data illustrate the difficulty in having effective uniform vaccination timing for a vast country like India and have implications when formulating vaccination policies. Isolation rates of 4AE43% observed during our study concurred with earlier surveillance activity conducted in Pune since 1976. 25, 26 Isolation rates varied from site to site from 1AE06% to 5AE99%. Health-seeking behavior or access to medical care is not uniform in geographically diverse areas of India. Certain sites like Dibrugarh, in the northeast, have a particularly difficult terrain, and patients may have sought medical attention after a lag of few days after onset of illness leading to a lower isolation rates. It is known that successful isolation and identification of influenza virus in clinical specimens depend on specimen quality, time lag from illness to specimen collection, proper transport, and storage of specimens till processing for isolation.
Higher isolation rates in ILI cases than among SARI cases at Delhi and Vellore could be attributed to the fact that both these centers are tertiary care centers and hospitalization may be delayed or sought owing to secondary reasons such as superadded bacterial infections. Higher frequency of influenza B in children could be attributed to seeking of medical attention in case of children, even with mild symptoms known in influenza B, in comparison to adults.
Fever is one of the symptoms in the case definition; however, fever was recorded in 93AE3% and 94AE9% of ILI and SARI cases. This could be due to the use of antipyretics, which is common in India before seeking medical attention.
Influenza A(H1N1), A(H3N2), and type B virus co-circulated in different regions during the study period. In spite of the land expanse, no particular pattern or direction of movement of increased influenza activity or prevalence of any subtype was observed, as has been observed in studies in Europe where there was clear indication of west-east or north-south spread across Europe. 27 Diversity in circulating influenza types and subtypes poses a real challenge to vaccine strategies. 6, 28 Comparative analysis of the genetic characteristics of viral isolates over time with the antigenically selected influenza vaccine for each year revealed homology with vaccine strain component by and large. Delhi (August 2006) . This virus could have been seeded into the country owing to high frequency of international travel from the all over the world; however, this strain did not persist for a long time nor circulated extensively in India.
A ⁄ H3N2 viruses are more heterogeneous owing to continuous antigenic drifts. 28 Our genetic data suggest co-circulation of and overlapping of vaccine strains of consecutive years.
Antigenic drifts of circulating influenza viruses in India, together with the temporal peaks in seasonality of influenza in different parts of the country, illustrate the difficulty in having effective uniform vaccines and vaccination timing for a vast country like India.
Although the surveillance data demonstrate that the influenza virus is an important cause of ILI among outpatients, our findings might be an underestimate. The specimens collected from ILI patients and limited number of SARI cases were sample of convenience (5-10 samples per week per center), whereas a systemic broad sentinel sitebased surveillance is needed to get better estimate of influenza burden estimates in India. Our sampled population was not representative of the general population as the median age of ILI patients tested was 14 years, whereas the median age of the India population is 25AE1 years.
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Continued surveillance will help to better define any seasonal patterns in the circulation of influenza A and B viruses and any regional differences in influenza seasonality in India, as well as to determine optimal periods to implement influenza vaccination programs among priority populations.
In conclusion, our study clearly shows that influenza is an important cause of ILI and SARI. There is a need to formulate a national vaccination policy especially for highrisk populations. The evidence of antigenic drifts of circulating influenza viruses in India, together with the temporal peaks in seasonality of influenza in different parts of the country, illustrate the need for a staggered approach in vaccination timing for a vast country like India. 
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